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OObeKTOM UCCJIeqOBaHHuA ABJIAeTCA y4eOHO- 
TPeCHHPOBOYHBIN Mporlecc MOATOTOBKH BOJIeHOoIH- 
CTOB COopHonw KoMaHyBI JIT TY. Paspadoranpi a- 
TOPHTM KOJIM4ECTBEHHOM OLeCHKH BO3MO2%KHOCTU 
TpaBMUpOBaHHA HU OOOCHOBAHHe MeporipnATuH 0 
yUpexeCHHIO TpaBM B XOJe MOATOTOBKU U IIpoBe- 
CHUA COPeBHOBAHHH BOeHOouNcTOB. IIpoanamn- 
3MpOBaHbl CTaTHCTM4eCKHe JaHHbIe O THIIOBBIX 
TpaBMax BOJICEHOOJIMCTOB HW O BEPOATHBIX YCIIOBHAX 
WX BO3HHKHOBeCHHA; BbIOpaHbl U W3Y4eHbI NpuyU- 
HbI, IpH3HaKH WU MOKa3aTeJIM THMOBIX TpaBM BO- 
eHOONMCTOB COOpHoN KoMaHybI JIT TY; mosyaenst 
YMCJICHHbIe 3HAYeCHHA WHAMBUAyaIbHOrO pucKa 
TpaBMUpOBaHHA BOJIeEMOONMCTOB COOpHOHM KOMAaH- 
met JIITY; paspadoTanbl TexHuyueckHe Wpe10x*Ke- 
HMA 10 HHAMBUYasIbHbIM CpeICTBaM 3all[MTbI BO- 
newOomucros JIT TY. 

Ku1r0ueBble CJ1I0Ba: BOJIeHOOJ, aMIlya, TpaBMa, 
normyueckad MOJelIb, MapaMeTpwuecKkax MOJIelIb, 
HeyeTKad Mepa, BEPOATHOCTS, OysieBa asireOpa, HH- 
Ter paJIbHbI PUCK. 

Bpegzenne. BaxkHou cocTaBHOM 4acTbiIO rocysap- 
CTBCHHOM COMMAJIbBHO-3KOHOMHYECKON TOJMTUKH B 
Poccuu ABJIAeTCA pa3sBUTHe MaccoBOH Pu3u4ecKon 
KYJIBTYPbI HaceJICHHA UW CMOPTa BbICIIMX JOCTHKe- 
Hu. JiocrowHOe'~ BBICTYIIJIeHHe pOCCHMCKHXx 
cnopTcMeHoB Ha OjMMMMMCKHX uIpax U Apyrux 
KpyNHevmux Mex J{yHapOJHbIX COPpeBHOBaHHAXx 
ABJIACTCA OJHUM U3 IIPHOPHTeTHbIX HallpaBIeHul 
rOcyapcTBeHHOUW NMOJIMTUKH. Bce BBbIIMIeH3IOKeH- 
HOe B MOJHOW Mepe OTHOCHTCA HU K CIOpTCMeHaM, 
3aHUMarollIMMCA BOJIEHOOJIOM. 

BonenOor — 93TO BUA CllopTa, B Mpoecce 3aHsA- 
THH KOTOPbIM pa3BHBalOTCA TaKWe KayecTBa Kak 


IIpbIry4ecTh, OBICTPOTAa, JIOBKOCTb, BbIHOCJIMBOCTH, 
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The object of the research is training process of 
volleyball players of DSTU combined team. 
The article provides the algorithm of quantita- 
tive assessment of injuries and the justification 
of measures for injuries prevention during train- 
ing and competitions of volleyball players. It 
analyzes statistical data on typical volleyball 
players’ injuries and probable conditions of 
their occurrence. The authors have selected and 
studied the causes, signs and indicators of typi- 
cal injuries of DSTU volleyball combined team. 
They have obtained the numerical values of in- 
dividual risk of volleyball players’ injury of 
DSTU combined team; have developed tech- 
nical proposals for personal protective equip- 
ment for DSTU volleyball players. 


Key words: volleyball, role, injury, logical 
model, parametric model, fuzzy measure, prob- 
ability, Boolean algebra, integrated risk. 


Introduction. The development of general 
physical culture and high performance sport is 
an important part of state social and economic 
policy in Russia. Worthy performance of Rus- 
sian sportsmen at the Olympic games and other 
major international competitions is one of the 
priority directions of state policy. All of the 
above mentioned fully applies to volleyball 
sportsmen. 

Volleyball is a sport in which people develop 
such qualities as jumping ability, speed, agility, 


endurance, ability to instantly react under diffi- 
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YMeHHe MrHOBCHHO OPHeHTHPOBaTbCA B CIIOXKHOU 
odOctaHoBke [1]. BonewOon no3BOIseT BOCIMTHI- 
BaTb Y CIIOPTCMCHOB YBEPeHHOCThb B CBOMX cHuaXx, 
HaCTOMYMBOCTb, YIHOPCTBO, 3aKaJIfeT BOJIKIO MU Xa- 
pakTep. 

AHasIv3 TpaBMaTH3Ma BOJIeHOONMCTOB cCBUIe- 
TeJIBCTByeT OO OTCYTCTBHH TWpodusakTHKH Uu 
yluipaBsieHua (u3H4eCKUM COCTOAHHeM CIIOpTcCMe- 
HOB. BonewOoNMCT MO%KeT MOUYYIMTb KaK OCTPyh, 
Tak WH YCTaJIOCTHYIO TpaBMY, BbI3BAaHHY!O peryslAp- 
HbIMM MUKpOTpaBMaMu TKaHeH [2]. Octpbie TpaB- 
MbI BOJICHOOUMCTBI Yallje BCero MOsyuaKOT Ha 
Tayiblax W JObDKKaxX (COOTBETCTBeEHHO 97 % u 86 
% OT BCero KOM4eCTBAa TpaBM). Jha Wed MU KOIIe- 
Hel THMMYHbIMH ABJIAKOTCA YCTaJIOCTHbIc TpaBMBbI 
(90 % u 88 % cooTBeTcTBeHHO). Ha urpax cioptc- 
MeHBI [OJIy4akOT B OCHOBHOM OCTDpbie TpaBMBbI (74 
% OT BCeX Ciy4yaeB TpaBMUpOBaHHA), a Ha TPeHu- 
poBkax — o0a Bua TpaBM, HO MpeuMyllecCTBeHHO 
yctranoctHble (55 %) [3]. Taumuunsimu TpaBMamu 
TIA JIOMbDKeK ABJIAKOTCA PAaCTAXKCHHA CBA3OK B TO- 
JIGHOCTONHOM cyctTaBe [4], qa MambiaeB — ux Me- 
peioMsbl. Takoxe JOBOJIbHO 4acTO BCTpeyaroTcA 
OypcHTbI — BOCHaJICHHA CHHOBMAIIbHbIX CYMOK, 
KOTOPbIe€ COMPOBOKTAlOTCA MOBbILICHHbIM OOpa3o- 
BaHHeM HM HaKOINJICHHeM B UX MOMOCTAX 2%KHJIKOCTU 
(9KccyaTa). 

B xojle aHasiu3a JIMTepaTypbI aBTOpaM He yaslOcb 
OOHAapyKUTb padoTbI, KOTOpbie Obl pacKpbIBasIu 
MeTOAUKY OpraHHv3alluu WU WpoBeyeHuA CielMalib- 
HOH (u3n4ecKOH MOATOTOBKH BOJIEHOONMCTOB B 
I[@JIH#X KOJIM4CCTBEHHOTO OL[CHHBaHuA HU lpey- 
IIpexK CHUA TpaBMaTH3Ma. 

[lembro paOoThI ABJIAeTCA pa3paOoTKa asIropuTMa 
KOJIM4CCTBEHHOM OLCHKH BO3MO2XKHOCTH TpaBMUpo- 
BaHHA WH OOOCHOBAaHHe MepolipHATHu MO Wpey- 
IIPe2xKTCHHIO TpaBM B XOJe MOATOTOBKU U TpoBeye- 
HHA COPeBHOBaHHH TO BOoeHOony. Takum oOpa- 
30M, aKTYaJIbHOCTbh UCCIeqOBaHHuA OOycCOBIeHAa 
OTCYTCTBHeM HayyYHO OOOCHOBaHHOM MeTOJMKU 
CHeljMasIbHOW Mu3H4eCKOH MOATOTOBKH BOsJIeMOO- 
JIMCTOB C I[eJIbEO IpOMuWaKTUKU TpaBMaTH3Ma. 


cult circumstances [1]. Volleyball allows 
sportsmen to bring in confidence, determina- 
tion, tenacity, tempers will and character. 

The analysis of injuries of volleyball players 
shows the lack of prevention and management 
of physical condition of sportsmen. A player 
can get both acute and fatigue injury caused by 
regular microtraumas of tissues [2]. Volleyball 
players often get acute injuries on fingers and 
ankles (respectively 97% and 86% of the total 
number of injuries). For shoulders and knees, 
fatigue injuries are typical (90% and 88 %, re- 
spectively). At games sportsmen get mostly 
acute injuries (74 % of all cases of injury), and 
during training — both kinds of injuries, but 
mostly fatigue ones (55 %) [3]. Typical injuries 
to ankles are sprains of ankle joints [4], to fin- 
gers — their fractures. Bursitis are also quite 
common — inflammation of synovial bursas, 
which are accompanied by the increased for- 
mation and accumulation of fluid (exudate) in 
cavities. 

Having analyzed the literature the authors 
were unable to find papers, which could show 
the methodology of organization and conduct- 
ing of special physical training of volleyball 
players in order to have quantitative evaluation 
and prevention of injuries. 

The aim of this work is to develop an algo- 
rithm of quantitative assessment of injuries and 
substantiation of measures for injuries preven- 
tion during volleyball training and competition. 
Thus, the research urgency is caused by the lack 
of scientifically justified methods of special 


physical preparation of volleyball players in or- 


der to prevent injuries. 
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Mopmy.mposBkKa 3aqaun. Jia Mpedynpexze- 
HHA TpaBMaTH3Ma B TIpolecce cielwuvalbHou Pu3u- 
yYeCKOM MOATOTOBKH BOJIeHOONMCTOB aBTOpbI lpel- 
NararoT MOCICOBAaTeJIbHOe OCYIIECTBJICHHe TpeHH- 
POBOUHBIX BO3JCHCTBUUM C MCIOUIb30BaHHeM CIIelH- 
aJIbBHbIX CpeJICTB, HallpaBJICHHbIX Ha TMpeuMyllle- 
CTBCHHOe pa3BHTHe THOKOCTH, YKpermieHue cCBA- 
304HO-MBIILIeYHOrO alliiapata CyCTaBOB HU I103BO- 
HOUHUKAa, YBeJIMYeHHe CHJIbI MBI, WM TKAaHeBOU 
ajlanTalluu K Harpy3Ke, pa3BUTHe BbIHOCJIMBOCTH, 
CYMOK, 
MBIIMeC4YHOrO allliapaTa KOHeEYHOCTeH UM TYIOBUIIIA. 


yKpemieHve CYCTaBHbIx CBA304HO- 
QTO MO3BOUHT MOBbICHTb YpOBeHb (Mu3H4eCKOrO 
COCTOAHUA CIOPTCMeCHOB, YKPeIIMTb UX CBA304HO- 
MBIICYHbIN alliwapatT, HUBeIMpOBaTb CHIIy BO3eH- 
CTBHA (aKTOPOB, OMPeJeAKOWIMX BbICOKMM TpaB- 
MaTH3M Y BOJIeHOONMCTOB UH, TCM CaMbIM, OyeT 
CIOCOOCTBOBaTb CHV2KCHHIO KOJIMYCCTBA TpaBM B 
Ipolecce asIbHeHIIeH CIOPTHBHOM Kapbepbl BOo- 
JIEHOOJIMCTOB. 

Hactosinee ucciyeqOBaHve COCTONT U3 paccMOT- 
PeHUA CIEXYIOWMX 9TANOB WIM 3aa4: 

1) nokasM3alM4 TpaBM B BOeHOore; 

2) aHasIM3 NOJIYYeHHA THIMOBBIX TpaBM BOIIeHOo- 
JIMCTOB COOpHou KoMaHyBI JIT TY; 

3) NOrMKO-BO3MOXHOCTHAA OLeCHKa TpaBMUpo- 
BaHHA BOJICEHOONMCTOB Ha TpuMepe OsOKUpyrolle- 
ro. 

1. Jlokasu3alna TpaBM B BoJIeHOoue. B tTab- 
nmuie | mpuBeyeHbI pesyibTaTbI 13 uccneqoBaHui 
TpaBM B BOJIeHOoue 3a Mepvor c 1981 m0 2006 ron. 
Pe3ylIbTaTbI CYIeCTBeHHO OTJIMYAKOTCA IO MeTO- 
uke UCCIeOBAaHHA, KOJIM4eCCTBY Y4aCTHHKOB U 
IIPOJOJDKUTeEIbHOCTH HaOIOJeHHA, OHAKO B HX 
MOXKHO TpocuequTb oOnLyKO TeHyeHWMEO. IIo pe- 
3yJIbTaTaM BbIJeIAKOTCA 4 OCHOBHbIC TpaBMBI, Xa- 
pakTepHble Jit BONeMOONAa (TaOMua 1), — TpaBMbI 
NOUbOKKU, KOeHA, WIeda MW MasIbl[es. 


Problem definition. To prevent injuries in 
special physical training of volleyball players, 
the authors propose a sequential implementation 
of training effects with the use of special 
equipment aimed at priority development of 
flexibility, strengthening of — muscular- 
ligamentous apparatus of joints and spine, in- 
creased muscle strength and tissue adaptation to 
stress, development of endurance, strengthening 
of joint bursas, ligamentous-muscular apparatus 
of limbs and body. This will allow sportsmen to 
improve physical condition, to strengthen the 
ligamentous-muscular apparatus, to neutralize 
the influence of the factors that determine the 
high injury rate for volleyball players and thus 
will help to reduce the number of injuries in fur- 
ther sports career of volleyball players. 

The present study consists of a consideration 
of the following steps or tasks: 

1) localization of injuries in volleyball; 

2) analysis of typical injuries of volleyball 
players of DSTU combined team; 

3) logical-possibilistic assessment of volley- 
ball players’ injuries on the example of a block- 
er. 

1. The localization of injuries in volleyball. 
Table 1 shows the results of 13 studies of inju- 
ries in volleyball for the period from 1981 to 
2006. The results differ significantly on the 
method of study, number of participants and 
duration of observation, but it is possible to 
trace the general trend. The results show 4 main 


injuries specific to volleyball (table 1), injuries 


of ankles, knees, shoulders and fingers. 
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2. AHaJIM3 TpaBM BOJIeHOOMCTOB cOopHon 
KoMaHyabr JITY. B uccneqopannuu npnvHam 
yuacTue CIOpTCMeHbI COopHoH KoMaHyBI JIT TY 
0 BoeHOony: 17 BonewOonuCcTOB u 2 TpeHepa, 
KOTOpble Jit yHOOCTBa OOpaooTKU TaHHbIxX OBI 
pactipeyeeHbI aBTOpaMu B Tpolecce HaOurOe- 
HMM Ha 5 rpyni 10 CMOpTHBHOMy cTaxy (TaomMia 
2). 


2. The analysis of volleyball players’ injuries 
of DSTU combined team. The study involved 
sportsmen of DSTU combined volleyball team: 
17 players and 2 coaches, which, during observa- 
tions, for data processing convenience have been 
divided by the authors into 5 groups according to 
sport experience (table 2). 


Taosmmira 2 
Table 2 


PacnpeylesIeHue CHOPTCMECHOB 10 CIIOPTHBHOMY CTaxy (B aOCOJIFOTHBIX 4YMCIax UW MpowenHtax %) 


Distribution of sportsmen according to sport experience (in absolute numbers and in percentage) 


Homepa UW CHOpTHBHBIM CTa%K MCCIIEXyeMBIX Ppyi 
Number and sports experience of the studied groups 


1-aa — oT O nO 2 Net 
Ist — 0 to 2 years 

2-aa — OT 2 no 4 eT 
2nd — 2 to 4 years 

3-4 — oT 4 nO 6 eT 
3-d — 4 to 6 years 

4-aa — oT 6 00 8 meT 
4th — 6 to 8 years 

5-aad — Ooslee 8-MH JIeT 


5th — more than 8 years 


Utoro: 
Total 


Bo BpemMa UccleqOBaHuA (PUKCHPOBaIMCh TpaB- 


MbI, MOJIYUeCHHbIe Ha YAeCOHO-TPeCHHPOBOYHEIX 3a- 
HATHAX HW COPeBHOBAHHAX. bbw WpoahasIM3UpoBa- 
HbI YCJIOBHA MpOBeeHHA U OpraHu3auua 5 copeB- 
HOBaHuH (cTyqeHuecKad BOTeHOobHaA Jura Poc- 
CHM; 4uemmuoHaT PocroscKow oOsacTu cpequ BY- 
30B; 4emmMoHaT TOxHOro desyepanbHoro OKpyra 
cpenu BY3o0B; KyOoK PocTroBcKouw oOsIacTH MW 4eM- 
WHoOHAaT PocTOBCKON OOUacTH) 10 BOeMOOIY, B KO- 
TOPbIX IIPHHHMaIM y4uacTHe CHOPTCMeHbI 3 UC- 
CICJLYeEMBIX Fpyiiil. 

Ha ocHoBe TIpoBeJeHHOrO aBTOpaMH aHasiv3a Me- 
TMI[MHCKUX KapT MCCIeAyeMbIx py cHopTcMe- 
HOB B TaOsIMile 3 CHCTeMaTH3UpOBaHbI JaHHble 0 
KOJIM4eCCTBY MOJIYACHHBIX CIOPTCMeHaMU COOpHoN 
komaHypl JIT'TY mo BosewOosry TpaBM. 
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During the study, the authors have recorded in- 
juries at training sessions and competitions. 
They have analyzed the conditions for conduct- 
ing and organization of 5 volleyball competi- 
tions (student volleyball league; the champion- 
ship of the Rostov region among universities; 
the championship of the Southern federal district 
among high schools; the Cup of Rostov region 
and the Rostov region championship), which 
were attended by sportsmen from the studied 
groups. 

Based on the conducted by the authors analysis 
of medical records of the examined groups of 
sportsmen table 3 provides systematic data ac- 
cording to the number of injuries got by the 
sportsmen DGTU combined volleyball team. 





Taodmutita 3 
Table 3 


PaciipeyesleHuve TpaBM y CHOpTCMeHoB COopHon KomaHypI JITTY mo BosenOorry (B %) 
The distribution of injuries among sportsmen of DSTU combined volleyball team (%) 


Bcero 
I gr. 2 gr. 3 gr. 4 or. 5 gr. Total 


KOJI. o% KOJI. of KOJI. of KOJI. % KOJI. a; KOJI. of 
Number Number Number Number Number Number 
IlneueBon 
2 20 3 21.4 1 14.2 1 
II 
Fingers 
PeOepHo- 
Costovertebra 
K S 
Knee 
ig 2 |20/ 3 Jaa} a1 |125 2 | 28.5 20 
Ankle 


Jly4e3anlacTHbIn 


l rp. 2 rp. 3 rp. 4 rp. S rp. 
CycTaBbl 


Joints 


HO3BOHOUHBbIMN 


Wrist 


ATOTO 





HaoOmoyeHua 10Ka3asIu, 4TO 10 YaCTOTe TpaBMbI 
pactipeyemMuuch CJICYIOUIMM OOpa30M: TpaBMBI 
CYCTaBOB IajiblleB Ha 1l-om mecte (35 %), Ha 2-OM 
— TpaBMBI FOJIeEHOCTONHBIX CycTaBoB (20 %), Ha- 
nee CJICY!OT TpaBMbIl PeOepHO-NO3BOHOUHBIX Cy- 
craBoB (10 %), TpaBMbI JIyde3allACTHbIX CYCTaBOB 
(10 %), TpaBMbI KOJICHHBIX cycTaBoB (10%). DTu 
JaHHbIe He IIpOTHBOpeYyaT OOWeH3BeCTHOM CTaTH- 
CTHKe 110 CIOPTHBHOMY TpaBMaTH3My. 

AHasIW3 TOJIY4eCHHbIX JA@HHbIX yKa3bIBaeT Ha TO, 
4TO CpeJIM W3y4aeMbIX Fpylill CIOPTCMeHOB C yBe- 
NMYCHHEM CTaKa KOJIMYCCTBO UH TH2KCCTb TPaBM 
YMeHbIlaroTcs. Takoxke aBTOopaMu CoOpaHbl JaHHble 
0 CTaTHCTHKe TpaBM COOpHON KOMaHyBI JITTY B 
OTHOMICHHU 3aBHMCHMOCTH «aMIIya BOeMOouMCTa 
— WIpoBad 4acTb Tesla» (Tada 4). ITO cHewaHo 
JIA TOTO, TOOK! BEIACHHTb, HTPOKM KaKOro aMIiya 
HanOoslee NOJBepxKeHbI TpaBMaM. 
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The observations have shown that the frequen- 
cy of traumas are as follows: injury of finger 
joints is on the Ist place (35 %), on the 2nd — 
injury of ankle joints (20 %), followed by inju- 
ries of costovertebral joints (10 %), injuries of 
wrists (10 %), injuries of knees (10%). These 
data do not contradict the well-known statistics 
on sports injuries. 

The analysis of the data indicates that among 
the studied groups of sportsmen the number and 
severity of injuries reduces with increasing ex- 
perience. The authors have also collected data 
on injuries statistics of DSTU combined team in 
respect of dependency of "the role of a volley- 
ball player — the playing part of the body" (ta- 
ble 4). This is done in order to find out the play- 


ers with the role most prone to injury. 








Tadmuua 4 
Table 4 
CraTucTuyeckasd BEpOATHOCTb TpaBM COopHoH KomMaHyBI JIT TY 
110 BOMeHOOY B OTHOLICHHM 3ABUCHMOCTH «aMIsya BOJeHOOIMCTa — MrpoBasd 4acTb Tea» 


The statistical probability of injuries of DSTU combined volleyball team in respect of dependency 
of "the role of a volleyball player — the playing part of the body" 


Muo>xKecTBo yacten Tesla / 
Set of parts of - Pig I 
IT = a | on oe 


Muo>KecTBO aMItrya 
Set of roles J 
IIneyo | [lanpur _ _ TomeHocton | 3allaicTbe 
Shoulder | Fingers Back Knees Ankle Wrist 
LlenTpasIbHEIn 
6noKnpyrommii l 50 % 100 % 100 % 50 % 50 % O % 
Center blocker 
Ces3yromuii 2 0 % 100 % 0 % 0 % 50 % 100 % 
Setter 
Hourposiynk 20 % 80 % 40 % 20 % 60 % 
Outside hitter 
/|MaroHasIbHbii 
Hanalaroumii 66 % 33 % 33 % 33 % 66 % 
Diagonal spiker 
JIMbepo % 100 % % % % 66 % 
Libero 
Taodmuna 5 


Table 5 
JIMTeNbHOCTh HETPyAOCNOCOOHOCTH Ip TpPaBMHPOBaHHU CHOPTCMeHa B OTHOLICHHM 38aBUCHMOCTU 





«aMIlya BOJIeHOOMCTa — UrpoBas 4acTb Tesla» 


Duration of disability in case of injury of a sportsman according to the dependency 
"the role of a volleyball player — the playing the part of the body" 


wort care I, CyTOK 
a =1,2,.. an 


MuHo>KecTBo amiiya J 
Set of roles J IIste40 a Zz ss — 3allaACTbe 
Shoulder | Fingers Back Knees Ankles Wrists 
ae | 10-15 25- | 25-30 21-25 | 45-60 10-15 
ONOKHp YOM 
15-25 30—40 35-40 | 60-90 15-25 20-28 
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Setter 


Outside hitter 


Diagonal spiker 
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15-25 30—40 35-40 | 60-90 15-25 _— 


/|MaronasIbHbli 10-15 25-30 30 21-25 45—60 10-15 
Hamajylarollun 


JIuOepo 
Libero 


Ha OcHOBaHHH MexKTyHapowHON KIaccu@uka- 
uuu Oone3HeH MKB—10 aa Kaacca XIX (Tpas- 
MBI, OTPpaBJICHHA WM HeEKOTOpble pyrue Wocue]- 
CTBHA BO3CHCTBHM BHeIIHHX TMpw4nH) ObWIM 
YUTeHbI OPHEHTHPOBOYHIe CpOKH HeTpyOcrI0- 
COOHOCTH pu TpaBMax cnopTcmMeHos. IIpu 3sToM 
3a OCHOBY OBbIJIM B3ATbI CaMbIe PaciiIpocTpaHeH- 
HbIe TPaBMbI BOJICEHOOJIMCTOB (C OCJIOKHEHHEM U 
Oe3 OCJIOXKHEHHA), A HMCHHO — pacTs%KeHHe U 
TepeHallpsxKeHHe KallCyJIbHO-CBA3OYHOTO § aliia- 
pata lyleyeBoro CycTaBa; BbIBUX TalIblla; pacTa- 
*KeHHe AU  TMepeHanpsKeHHe  KalICyJIbHO- 
CBA3OUHOrO alliiapaTa Ha YpOBHe 3allACTbA; pac- 
TSKeCHHe, pa3spbIB UH lepeHalips»KeHue MepeqHen Uu 
3aHeM KpecTOOOpa3HOM CBA3KH KOJICHHOTO Cy- 
CTaBa; Pa3pbIB, pacTsA*KeHHe MU MepeHalpsxKeHHe 
CBA30K TOJICHOCTONHOTO CycTaBa; pacTsKeHHe U 
TlepeHallps»KeHHe KallCyJIbHO-CBA3OYHOTO § aliia- 
paTa MOACHWYHOrO OTea MO3BOHOUHHKAa (Tab- 


mma 5). 


B tTaOsuiax TpuBeeHbI pe3yIbTaTbl UCCIeO- 
BaHHA TpaBM BOJICEHOOJIMCTOB COOPHOM KOMAH/IbI 
JTY B nepnog c 2015 no 2017 rox. Jjanupte m0 
HeEKOTOPbIM aMIVIya 3€MeCTHO pa3sIM4arOTCA H3-3a 
KOJIM4eCTBAa YUAaCTHHKOB B JJaHHOM aMIIIya, a 
TakK2Ke M3-3a XapakKTepa UX JIeEMCTBHM Ha WW10Mlay- 
Ke. 

Ha oOcHOBaHHN $BBIIMICMpMBeCHHBIX JIaHHBbIxX 
OKa3aJIOCb BO3MO2%KHBIM PpacCYHTaTb HMHTerpasib- 
HbIM PUCK TpaBMUpOBaHHA BOJIeEMOONMCTOB pa3- 
HbIX amiurya [5]: 
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Based on the international classification of dis- 
eases ICD—10 for class XIX (injury, poisoning 
and certain other consequences of external caus- 
es) duration of disability at injuries of sportsmen 
have been considered. This has been based on the 
most common injuries of volleyball players (with 
complications and without complications), they 
are - tension and overexertion of capsular- 
ligament apparatus of shoulder joint; dislocated 
finger; tension and overexertion of capsule- 
ligament apparatus of wrist; tension, tear and 
strain of the anterior and posterior cruciate liga- 
ment of knee; tear, tension and overexertion of 
ankle; tension and overexertion of capsule and 


ligaments of lumbar spine (table 5). 


The table below shows the results of the study 
of volleyball players’ injuries of DSTU combined 
team from 2015 to 2017. The data on some roles 
differ markedly due to the number of participants 
in this role, and due to the nature of their actions 
on the court. 

On the basis of the above data, it was possible 
to calculate the integral risk of injury to volleyball 


players of different roles [5]: 
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R/y= LMT}; =D fix 1: 3; 


i =1,2,...., (1) 
rye Il, IT — MHO2#KeCTBO BO3MO2KHOCTHBIX Mep 
peaIM3alluH BepIIMHHBIX MCXOOB; 71; — BO3- 


MO?KHOCTHAA Mepa I-OM 4aCTH Tesla j-ro ammslya; 
Tj; — IPpOOJDKMTeIBHOCTLh BOCCTAHOBJICHHA I10- 
cle 1-OM TpaBMbI BOJIeMOoMCTa J-ro amMirya. 
VUcxoaa 3 MOJYYeHHBIX aHHbIX paccunTaHo 
BpeMa (B CyTKax) HeTpyOcHOCcOOHOCTH BOleH- 
OonmucToB JITY pa3Hpix amistya (Tadsutia 6). 


Riy= L{M-T}, = Yea X ti}; 
i =1,2,...1 (1) 
where II, T — the set of possibilistic measures 
of implementation of the summit outcomes; 7; is 
the possibilistic measure of the 1-th body part of 
the j-th role; t; 1s the time to recover from the 1-th 
injury of a volleyball player of the j-th role. 
Based on the data the authors have calculated 
time (in days) of disability of DSTU volleyball 
players of different roles (table 6). 


Taodmunia 6 
Table 6 


BpeMa HeTpyOCHOCOOHOCTH BOJIEHOOMMCTOB pa3HbIx aMistya COopHon JIT TY 
Time of disability of volleyball players of different roles of DSTU combined team. 


MHo>KecTBO 
amMiiiya J 
Set of roles J 


LlenTpasIbHEIn 
ONOKMpYyrOIH 
Center blocker 
Cpa3yrollui 
Setter 
JlOUrpoBIIHK 
Outside hitter 
/|MaroHasIbHbi 
Haajylarollun 
Diagonal spiker 


JIudepo 
Libero 


V3 MOWy4eHHBIX pe3yIbTATOB OYeBHHO, 4TO 
aMIlya WeHTpalbHoro ONOKMpyrollero camMoe 
TpaBMOoorlacHoe — JIA HETO XapaKTepHbI TPaBMBI 
CIMHBI, MasIblleB, Meu, KOJIeHeM UW ToOseHOCTOTIA. 
ITO CBA3aHO C TEM, 4TO AEMCTBUA UTpoOKa ITOTO 
aMIIlya CaMble pa3HooOpa3Hble HW «XaOTH4HBIe) 
Ha m1olmjaqkKe — MOcTOAHHOe HallayjeHve UJIM ero 
MMUTAallWA, WepeMelleHve UTpoKa Ha Kpalt CeTKU 
JIA TOCTAHOBKH OpraHv30BaHHOro O10Ka HT. J. 
CylllecTBeHHoOe KOJIM4eCTBO TpaBM IIPOMCXOAMT 
IIPH MpW3eMJICHHH WIpOKOB Ha CeTKe, KaK B Ou- 
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TS4 G7 hy 8 =12,wed, CVIOK 
T={t1}, 1=1,2,...1, days 


UtTo 
IIne4o Ilanpusr | Cnuna | Konenu | Tonesocton | 3anmsactTbe —_ 
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From the obtained results, it is evident that cen- 
ter blocker role is the most traumatic — it 1s also 
characterized by back injuries, injuries of fingers, 
Shoulders, knees and ankles. This is due to the 
fact that the actions of the player of this role are 
the most diverse and "chaotic" on court — con- 
stant attack or its simulation, moving to a net 
edge for an organized block, etc. A significant 


number of injuries occur when players land on the 
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IMaJIbHbIX MaTYax, TaK UH Ha TPCHHPOBKax. ITO 
OCOOeCHHO XapaKTepHO JIA OYHbIX yoIeH eH- 
TPasIbHBIX OJIOKMPYrFOINX, KOra, OMyYCKaACcb M0- 
cule IIpbbKKa, OHH IIPH3eMIIAFOTCA APyr Apyry Ha 
royleHocton. Takxke HeOOXOXHMO OTMETHTb, 4TO 
y WIpoOKOB WaHHOrO aMiitya «OacKeTOOJIBHBIM 
pocT» HW BbICOKad MOIIHOCTb MBI, KOTOpasd 10- 
poxqaeT orpomuHyro custy. Ilpu peskow cmMeHe 
HalipaBJICHHA JIBMXKCHUA (OBICTPbIM PbIBOK B CTO- 
poHy Ms#4a, IIPbDKOK K CeTKe) 3TO OOCTOATEIIb- 
CTBO IIOBbIIMaeT PHCK TpaBMBbI. BsICOKHe BOJIeH- 
OOJIMCTBI 4YaCTO CTpayjaloT OT TpaBM KOJICHHbIX 
CYCTaBOB, IIO03BOHOUHHKAa (3-34 BbIPaxKeHHOrO 
I[eCHTpa TAKeCTH). 

Pe3ylIbTaTbI MpOBeAeHHOTO UccIeqOBaHHA T0- 
Ka3aJIM, 4UTO B OCHOBE MPOHCXO2XK CHUA CIOPTHB- 
HbIX TPaBM JIe@%KaT OObCKTUBHBbIC HU CyYOBCKTHBHBIC 
(pPaKTOPbI, KAKI U3 KOTOPBIX B OJHOM cCiIyyae 
MOXKeT ObITb IPH4MHOKM NWOBPexKTeCHUA, a B IIpy- 
TOM — YCJIOBHeM ero BOSHUKHOBeHHA. 

3. JlOrukK0-BO3MO2KHOCTHOe OLeHHBAHHe 
TpaBMHPOBaHHA BOeHOOJINCTOB Ha IpuMepe 
OIOKNpyrowlero. 

3.1. Tlocranospka 3afaunH. S3ayjayy JIOrMKOo- 
BO3MO2%KHOCTHOrO OMCHHBaHHA TpaBMUpoBaHHs U 
OTKa3a OT HIpbl BOeMOONMCTa ONpeyeseHHOro 
aMiliya copMysupyem Ha ocHoBe [6—9]. Oc- 
HOBHBIMU TIPOMCIIeCTBHAMUH C BOJeMOONMCTaMu 
ABJIAIOTCA TPaBMbI OTJICJIbHBIX U4aCTeM Tesla, a 
TakoKe CYMMapHbI 39/MeKT UX HAaKOIMJICHHA U pe- 
amMu3alun. TpaBMpl u 3dekTbl OT «pebICTO- 
pu» TpaBMUpOBaHHA JIA BONeMOOMMCTA Cc OLpe- 
JI@JICHHbIM aMIIIya, KaK BO BPeMA UIpbl, Tak U 
Tocue e€ 3aBepIeCHHA OMpeeUAIOT Kak (aKkT BBI- 
XOJla H3 HIpbI (OTKa3 OT UIpbI), TaK UW 3a00lIeBa- 
Hue CHOpTCMeHa. 

Hatipumep, NpMMeHUTeJIBHO K OJIOKMPYyIOeMy, 
B CHcTeMe «BOsIeHOObHad KOMaHya — urpa c 
CONepHHKOM — IIomlaykKa — CeTKa»» TAKUM UC- 
XOJaMW HanOolee 4acTO ABJIAFOTCA JIMOO OTeCJIb- 
HO IIOJIyYYeHHbIe TpaBMbI ToIeHOCcTOMAa, Wea, 
KOIeHa, CIIMHBI, MaJIbIleB, PyK, MOO UX CcoueTa- 
Hue. 

CoOsbiTua — UCxXOJIbI TpPaBMUpOBaHHA CIOpTCMe- 
Ha (BOeMOONMCTa j-rO aMILIya) YCJIOBHO Ha30- 
BeM JICMCHTAapHBIMH MpeMOCbIIKaMH BbIXO]a 3 
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net, both during the official matches and training. 
This is especially true for face-to-face duels of 
central blockers getting down after a jump, they 
land on each other’s’ ankles. It should also be 
noted that players of this role are of "basketball 
height" and high power of the muscles, which 
generates a huge force. At a sudden change of 
direction (quick dash towards the ball, jump to 
the net) this fact increases the risk of injury. High 
volleyball players often suffer from injuries of 
knees, spine (due to the center of gravity). 

The results of the study showed that the basis 
for the origin of sports injuries are objective and 
subjective factors, each of which in one case may 
be the cause of the damage, and, in the other — the 
condition for its occurrence. 

3. Logical-possibillistic assessment of injuries 
to players on the example of a blocker. 

3.1. Statement of the problem. The task of 
logical-possibillistic assessment of injuries and 
the refusal to play from a player of a particular 
role we will formulate based on [6-9]. The main 
accidents with volleyball players are injuries to 
individual body parts, as well as the aggregate 
effect of their accumulation and implementation. 
Injuries and effects from the "background" of in- 
juries to a volleyball player of a specific role, as 
during the game and after its completion are de- 
fined as the fact of leaving the game (refusing to 
play), and medical problem of a sportsman. 

For example, for a blocker, in the system "vol- 
leyball team — game with a competitor — net" 
the most often outcomes are separate injuries of 
an ankle, shoulder, knee, back, fingers, hands, or 
their combination. 

The events — the outcomes of an injury to a 
sportsman (volleyball player of the j-th role) we 


will call the basic prerequisites for game quit, 


ru —:: 





UIpbl, KOTOpble OOO3HAYHM MHOMKECTBOM X 
X j={Xi};, (2) 
rye i=/,2,...,] ecTb MepeMeHHad (HOMep) Hcxoa 


M3 MHO%KeCTBa Jj, OMMCBIBAIOWerOca KaK MHO%Ke- 
CTBO TpaBM OTJICJIbHBIX 4acTeH Tesla, TaK H MHO- 
%KeCTBO UX KOMOMHAIMM UW CcOueTaHHM TpuMeHn- 
TeJIbBHO K CIOpTCMeHy J-rO BHJa aMIIJlya, TO CCTb 
JT eed 

3aMeTUM, 4TO IPH BBINOJIHEHHU YCJIOBHA HOp- 
MMpOBKH MOKHO 3allHcaTB: 


X j={ xi} ={ xy}. (3) 
CoObiTua — BapWaHTbI OTKAa30B CIOPTCMeHa OT 
JasIbHeHIIeH Upbl Ha30BeCM BepINMHHbIMH UCXO- 
aMU U1 0O03HAYHM MHOXKECTBOM Ba: 
Y={y;}, J=l,2,...J. (4) 
PaccMOTpHM cCaMBbIM IIpocTouw cylyyaH — OHH 
BePINMHHBIM UCXON, JOrM4ecKad MOJeIIb KOTOPO- 
TO ONMChIBaeTCA OyeBOM (yHKUMe BUA: 
y/=F\ (X={x;}, i=1,2,...,1). (5) 
TOT BEPIIMHHBIN UCXO (OTKAa3 CIIOPTCMeHa OT 
JaJIbHeMMleH OOpbObI) 3aBMCHT OT Bua U CTere- 
HM TAKeECTH MOCIWeACTBUM OT 93JIEMeCHTAPHBbIX 
TpaBM YacTeH Tella HW UX KOMONHAaIInH UB OOMIEM 
cry4ae HOCHT CJIOKHbIA WM HeABHBIM XapakTep. 
TpeOyetca olpeyenwuTb BUA WorMueckow @yHK- 
IMM OTKA3a CHOPTCMeHa OT JaJIbHeMINeH UIpbl 
BCJICQCTBHe MOJY4YeCHHA TpaBM W3 MHO%KecTBa X 
(5), IpeoOpa30BaTb e€ B BO3MOXKHOCTHY!IO (POPMy 
ITF \({7;}) 4 OleHUTS (paccuuTaTb) BO3MOXKHOCT- 
Hy!O Mepy OTKa3a HIpoKa OT asibHenen Oopb- 
OBI. 
IIpoanamm3upyeM BO3MO2%KHbIe BapHaHTHI pelle- 
HUA MOCTaBJICHHOM 3aa4n, KOTOPble 3aBUCAT OT 
HaJIM4MA UCXONHbIX JAHHBIX, MOJHOTHI UX Wpes- 


CTaABJICHUA U TJOCTOBCPHOCTH OMMCaAHVA. 
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which we denote as a Set 
X jFLXiS js (2) 
where 1=1,2....,. 1s a variable (number) of 
the outcome of J; set, describing a set of injuries 
to individual body parts and their multiple com- 
binations and combinations with regard to a 
sportsman of the j-th role, that is, j=1,2,...J. 
Let us note that if the condition of normal- 
ization 1s fulfilled, then we can write 
X j= {Xi} FHL Xi} - (3) 
The events — refusal of a sportsman to 
play further let us call vertex outcomes and de- 
note them as a set of the kind: 
Y={y;}, fHL,2, 5. (4) 
Let us consider the simplest case — single 
vertex outcome, the logic model of which is de- 
scribed by Boolean function of the form: 
yr=F (X={x;}, 1=1,2,...,D). (5) 
This outcome (refusal of a sportsman to 
play further) depends on the type and severity of 
consequences from elementary injuries of body 
parts and their combinations and in general is 
complex and implicit. It is needed to define the 
logical function of refusal of a sportsman to play 
further due to the injury of X set (5), converting it 
to possibilistic form //F\({7;}) and estimate (cal- 
culate) possibilistic measure of refusal of a 
sportsman to play further. 
Let us analyze possible solutions to the set 
task that depend on the availability of the source 
data, completeness of its submission and accuracy 


of its description. 
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3.2. Teopermyueckoe pemenne 3agqaun. Bos- 
MOXKHOCTHbIC MepbI 1; MpPeAMOCKIOK Mpouciie- 
CTBHA MOTyT ObITb HalieHbl Ha OCHOBaHUH Tpesi- 
CTaBJICHHA TapaMeTpOB BO3ACHCTBHA Ss HM BOCIIpH- 
MMUMBOCTH fF KaK HeyeTKHe BeIMYMHbI. Harpu- 
Mep, JIA yCOBUA (y;=1), ecu W3BeCcTHa JIOrM4e- 
cKad PYHKIMA OTKAa3a, MOXKHO TOUYINTb cieLy- 
roljee BbIpaxKeHue: 

1(y1=1)=Pos(y}=1)=Pos(Fy(X={ x}, 
i=1,2,...,. =F {7}, =1,2,...D. (6) 
IIpu 9TOM MHOKeCTBO H3BeCTHBIX WIM 
YCTAHOBJICHHBIX 3HAYCHHH BO3MO%KHOCTHBIX Mep 
TpaBM IIpeCTaBJICHO B BUC 3aBMCHMOCTeH: 
Il={a;}, i =1,2,..£ (7) 
rye 
1; = Pos(x; = 1) = Pos(s; = 17;) 
— 93JIEMeHTapHad BO3MO%KHOCTHaA Mepa i-On 
TPaBMBI, KOTOPY!O OIIpeeIAIOT C TOMOIINbIO I1a- 
PaMeTpHYeECKON MOEN: “HEYETKOE BO3TEHUCTBUE 
5; IIPeCBbIMaeT HCEYCTKYIO BOCIIPHUMYMBOCTE 77)». 
3aMeTHM, 4TO HaxoxKeHve 3aBMCHMOCTU 
F\(X={x;}, 1=/,2,...,.J) tpeqctapisaeT codon oOT- 
JIeIbHYy!O 3aya4y, KOTOpad OyyeT paccMoTpeHa 
HWKe. 

3.3. Pemenne 

IKCHePHMeHTAIbHbIM cimocodom. PaccmaTpu- 


3aqa4uHn pacueTHo- 
BalOTCA CUeLYIOWMe OCHOBHEIe BO3JCHCTBYFOINIMe 
(baKTOpbI (UrpoBble BO3eHCTBUA): 

e® ITaTHOe BO3eHCTBHe TIpu O0Ke: yap MaA- 
4OM IO MasibljaM, HOraM, IWIe4uy; 

e HellTaTHOe BO3eHCTBHe: yap COMepHHKOM 
0 HOraM, pyKaM, lwIedy WIM MOABOPOT rosieHo- 
CTOMa Mp Ipu3eMJIeHHU Ha CTOIYy ComepHuka. 

IIpu pemeHuu OyAyT UCHOJIb30BaHbI CJIeJLYyIO- 
Me KpuTepuu (ycOBUA TpaBMUMpOBaHHA YacTel 
Tella) MW MaTeMaTH4yecKuHe Olepalun: 

1) kputTepuu TpaBMupoBaHHA OOOH 4acTH Te- 
a (ilapaMeTpyyeckve KpuTepuu 9JIeMeHTapHon 
TPaBMBI): 

Ss — llapaMeTp IWITaTHOrO HJM HelITaTHOrO BO3- 
JIeuCTBUA; 

r — llapaMeTp BOCHPHUMYMBOCTH YacTeH Tesla K 
BO3JICHCTBHAM (KaK IITaTHbIM, TaK HU HelllITAaT- 
HbIM); 


2) onlepalMa «OrMuecKoe > (A) 3aMellaeTcr 
ollepamMen (min) “3 CHrHaTypbl YeETKUX UM HeUeT- 
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3.2. Theoretical solution to the problem. Pos- 
sibilistic measures 7; of prerequisites of an inci- 
dent can be found by the impact parameter s and 
the sensitivity r as fuzzy values. For example, for 
the condition (y;=1) if we know the logical re- 
fusal function, we can obtain the following ex- 
pression: 

T(y1=1)=Pos(y1=1)=Pos(F | (X={ xi}, 
i=1,2,....D=HF, {aj}, =1,2,...,0. (6) 

Where a set of known or specified values of 
possibilistic measures of injuries 1s represented in 
the form of dependencies: 

IT ={m1}, 1=1,2,..., (7) 
where 
m 1=Pos(x_1=1)=Pos(s_1>r_1) 

— elementary possibilistic measure of the 1-th 
injury, which is determined by the parametric 
model, "the fuzzy impact s; 1s more than the fuzzy 
susceptibility rj". 

Let us note that the determination of the de- 
pendency F\(X={x;}, i=/,2,.....) 18 a separate 
task, which will be further discussed. 


3.3. The problem solution by calculation and 
experimental method. We consider the follow- 
ing factors (game impacts): 

-standard impact at blocking: the ball hits the 
fingers, legs, shoulder; 

-non-standard impact: hitting the opponent in 
the legs, arms, shoulder or twisting the ankle 
when landing on the foot of the opponent. 

The solution will include the following criteria 
(conditions of injury to body parts) and mathe- 
matical operations: 

1) criteria of injury to any part of the body (par- 
ametric criteria of a basic trauma): 

Ss — parameter of standard or non-standard 1m- 
pact; 

r — parameter of susceptibility of parts of the 
body to impacts (both standard and _ non- 
standard); 


2) the operation "logical and" (A) 1s replaced by 


Tu — 


= a a > oni oo oo oe an 
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KUX MHO2KECCTB: 
A — min; 

3) onepalMa «OrM4eckoe UWIIM (Vv) 3aMellaert- 
CA ONepaluen (max) 43 CHrHaTypbl YeTKUX VU He- 
YeTKHX MHOKECTB: 

vV — max; 

4) miraTHOoe WIM HellTaTHOe TpaBMuUpyrollee 
BO3JICEHCTBHe B OOMIEM Cily4ae YAIMTbIBAeTCA Kak 
M3 bIOHKUMA BO3JICHCTBHH: 

S=8,V Sz (8) 

3ayaya ONpesesIeHuA WapaMeTpoB BO3eMCTBHA 

VW BOCIIPHHMYMBOCTH CIOpTCMeHa Ip TpaBMUpo- 

BaHHUW MOKET ObITb pellleHa C MOMOIIbIO TpuMe- 

HeHHA CpeJCTB W3MepeHHA WM MOHUMTOPHHTA, 

HallpuMep, Ha OCHOBe JlaTYHKOB yCKOpeHHA U 
nedopmalnu. 

YcTaHOBUM BH JOrMYeCKON MOC BbIXOa 3 
CTpOd CIIOPTCMeHa METOJIOM HHTepBaJIbHOrO aHa- 
mu3a. Jia ITOFO BbIXO ONOKUMPyIOlero 3 UIpbI 
IIpeCTaBIIAIOT B OOWIEM Bue cueayroulen (PyHK- 
wwen: 

y=(CVA }x> F(), (9) 

x = {x,},x; = 1,ecmm s; > 7%, 

rye B BbIPAxKeHUH (9) MpesCTaBJIGHO MHO?KECTBO 
NOTMYeCKHX MOJeIeH, BKIHOUad MCKOMYIO, onpe- 
TlesIAeMy!o (opMyson (5). 

YTOUHUM YCIIOBHA BbIXOa CMOPTCMeHa U3 UI- 
pbl 10 pwunHe NomyyeHua NoBpexaeHua. JI 
9TOrO TpeOyeTcH KOHKpPeTH3UpOBaTb 3aBHCH- 
MOCTb (5) HM HMOCTPOUTb JIOrM4eCKY!IO MOJICJIb BBI- 
BOa OJOKUPyroUsero 43 ups (10): 

V1 = Fy (1, %2,%3, X4, Xs, Xe). (10) 
Havyem pelleHua 3aa4uH C MOMOILLIbEO 
BBeJICHHA JIBYX TpaHM4HbIX YCHOBMH pu cyely- 
FOWUX JOMYWIeCHUAX: 

1) n400asd TpaBMa JIHOOOM YacTH Tesla IpHBOTMT 
K BbIBOJY CIOpTCMeHa 3 CTPO#. 

OOo3HauHuM 9TO TpaHwyHoe ycsIOBMe Kak 
«BepxXHee» HW NOUY4IHM CIETY BUA Jorn4e- 
CKOM MOJIesIv: 


the operation (min) from the signatures of crisp 
and fuzzy sets: 
A — min; 

3) the operation "logical or" (v) is replaced by 
the operation (max) from the signatures of crisp 
and fuzzy sets: 

vV —> max; 

4) standard or non-standard traumatic impact in 

general is treated as the disjunction of actions: 
S=S8,V Sp. (8) 

The problem of determination of the parameters 
of an impact and susceptibility of a sportsman at 
an injury can be solved by measurement and 
monitoring, for example, based on acceleration 
and strain sensors. 

Let us determine a logical model of a sportsman 
refusal by the method of interval analysis. For 
this, a blocker refusal is represented in general by 
the following function: 

Y=(CWVA jx F(X), (9) 
x = {x;},x,; =1,ecaus; > 7, 

where in the expression (9) there is a set of log- 
ical models, including the required one, defined 
by formula (5). 

Let us check the conditions of refusal of a 
sportsman to play further because of an injury. 
For this we need to specify the dependence (5) 
and construct a logical model of a blocker refusal 
to play further (10): 

V1 = Fy (X4, X2,X3,X4, Xs, Xe). (10) 

Let us find the solution to the problem by intro- 
ducing two boundary conditions in the following 
assumptions: 

1) any trauma to any part of the body leads to 
refusal of a sportsman to play further. 

We denote this boundary condition as "upper" 
and get the following logical model: 


y = Vx; > TPO, = 1D =maxS, (m),i = 1,6 (11) 


4) BbIXO/AL CHOPLICMCHd M3 VOPbObI MPOKS0KHNerLr 
TOJIbKO IIPH WOJTyYYeHHH WM BCeX (B JaHHOM Ba- 
puaHte miecTu) TpaBM. Ha30Bem 9TO rpaHu4Hoe 
yCIOBMe «HYWKHUM», IPH KOTOPOM JIOTM4eCcKad 
MOJI@JIb BbIXOJa CHOpTCMeHa H3 OopbObl HUMeeT 


BHO: 


2) the refusal of a sportsman to play further will 
only happen when he gets all (in this case six) 
injuries. We call this boundary condition as "bot- 
tom" in which the logical model of refusal of a 
sportsman to play further: 


yl = Ax, > TIS’, = 1) = min® ,(m)),i = 16. (12) 
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VickomMoe pellieHve Kak lorMueckyroO (yYHKIIHIO 
HaXOJIAT IPH CIIeJyIOIeM YCJIOBHM: CIOpTCMeH 
«KaK IKCIepT» B XOe MIpbI CaM OlmpeyesAeT MO- 
MEHT BbIXOJla 43 COCTA3AHUA IPH MOJy4eHuU He- 
CKOJIbKHX 3a(HKCHPOBaHHbIX TpaBM, IIpHBOsA- 
mux ero K COCTOAHHEIO OTKa3a OT AaIbHeMIUIeHn 
OopbOBI: 


yA F(x), i = 1,6 - 


TakuM o0pa30M By dyHKiHH (10) MoxeT ObITb 
OlipeylesieH Ha OCHOBe TIpeoOpa30BaHHuA NOuy4eH- 
HOW 9KCHCPHMeHTaIbHO JOrMYecKOH MyHKIWU 
F(x). [pu 9Tom 3HayeHua {Tt;} OMpeeAIOT 
mM00 M0 CTaTHCTH4eCKHM JaHHbIM, [IpuBeyieH- 
HbIM B TaOjMUax 2—6, mM00 allocrepHopHO 0 
CaMOUYBCTBUIO CIOpTCMeHa WIM 3Ha4eHHAM a- 
PaMeTPOB BO3CHCTBYIOIUX PaKTOPOB. 


IIpumep pelienus npukiaqHou 3ayqaun. IIpu 
IIpOBeeCHHH COpeBHOBaHHA OJIOKMPyIOWMH Mo- 
KET IMOUYYATb TPH TpaBMBbI (x2, X7, x4), KOTOPbIe 
CHOCOOHbI TpWBecTH K OTKa3y CIIOpTCMeHa OT 
TasibHeiineH OopbOni. Tpedyetca olpeyesutTb 
BO3MO)2KHOCTHYHO Mepy OTKa3a CIOPTCMeHa OT 
TasIbHevileH OopbObi u eé rpaHupl. Jia peie- 
HUA MOCTaBICHHON 3aqa4W HaveM JIOrM4eCKyIO 
MOJIeJIb OTKa3a CHOpTCMeHa OT JlaIbHevlen 


OopBbOBI: 
Y1 =X2NAX1AX4. (14) 
IIpeoOpa3yem BbIpaxeHue (14) B BO3MO2%KHOCT- 
Hyto (bopMy: 
Pos(y;=1)=min(13, 1, 714). (15) 


BaiOupax u3 TadsMubl | 3Ha4eHHA BO3MOX- 
HOCTHBIX Mep TpaBM OJOKUpyrollero UW MOCTaB- 
aa B POpMyly (15), HomyauM: 

IT, (3-1-4)=min(0.11, 0.11, 0.18)=0.11. 

Ha ocHoBpaHuu BbIpaxeHun (11) u (12) uw qaH- 
HbIX TaOsMUbI | MOWyYHM cylezyroluMe rpaHH4- 
HbIe 3HAaYCHHA BO3MO2XKHOCTHOM Mepbl OTKa3a 
CMopTcMeHa OT JabHeimei OoppOn: ITI" 
(y;=1)=0.18; T™" (y7=1)=0.11. 

CileqyeT 34MeTHTb, 4TO B JAaHHOM pellieHHu He 
YUUTHIBAeCTCA TMOCIICOBATeIbHOCTh HU OOCTOS- 
TeJIbCTBa TOJYYCHHA BO3MO2%KHbIX TpaBM KOH- 


KpeTHOro OJIOKMpyrollero. 


09://bps-journa 





The solution as a logical function is found un- 
der the following conditions: the sportsman "as an 
expert" in the course of the game itself determines 
the moment of refusal to play further when get- 
ting a few recorded injuries, leading him to a state 
of refusal to play further: 


ay =i ={ lm). (13) 


min 
Thus, the function (10) can be determined on 
the basis of conversion of the experimentally ob- 
tained logical function F,(x). The values {t1t;} are 
determined either by the statistics given in tables 
2-6, or a posteriori according to the well-being of 
a sportsman or the values of the parameters of 

influencing factors. 


An example of an applied problem solution. 
During competition a blocker can get three inju- 
ries (x2, X7, x4), which can lead to a refusal of a 
sportsman to play further. We need to determine 
the possibilistic measure of refusal a sportsman to 
play further and its borders. To solve the problem 
we find a logical model of refusal a sportsman to 
play further: 

Y1 =X2AX1AX4. (14) 

Let us convert the expression (14) in a possibil- 
istic form: 

Pos(y;=1)=min(m3, 11, 74). (15) 

By selecting from table | the values of possi- 
bilistic measures of injuries of a blocker and sub- 
stituting them in the formula (15), we get: 

Il, 3-1—-4)=min(0.11, 0.11, 0.18)=0.11. 
On the basis of expressions (11) and (12) and 


table 1 we get the following boundary values of 


possibilistic measures of refusal a sportsman to 

play further: IT (y;=1)=0.18; 0" (y;=1)=0.11. 
It should be noted that the decision does not 

take into account the sequence and circumstances 


of getting possible injuries by a blocker. 
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3.4. Pemlenne 3a,aun 9KCIepHMeHTaJIbHbIM 
cnoco6om. JlaHHbIit ciocoO pelleHHaA ABIIAeTCA 
pa3BUTHeM IipebIyulero MeTOa MHTepBaIbHO- 
TO aHajIu3a WM OCHOBAaH Ha (uKcalMu peak u 
TOBeJICHHUA TPpaBMUpOBaHHOrO CIIOpTCMeHa, KO- 
TOPbIM CAMOCTOATEJIbHO WIM TO COrlacOBaHHto C 
TPpeHepoOM 3axBJIXeT OO OTKAa3e OT JalIbHeMIIer 
WIpbl. 

Ilembro pa3paOoTKH clocoOba ABJIAeTCA TOBBI- 
IeHHe JOCTOBepHOCTH HM MOMHOTHI aHau3a U 
OI[CHHBaHHA WOKa3aTeseH Oe30nacHOCTH U TpaB- 
MMpoBaHHa. PaccMoTpuM pellieHve 3aja4u CIO- 
coOom 3 Ha lipuMepe OOKupyrollero B CHCTeMe 
«urpokK — Wwlomaqka — COmepHuK — CeTKa»). 
CuntTaeTca, 4TO CIIOPTCMeH UrpaeT: a) BeECb CeT; 
6) Bcro urpy. Kpome Toro, y4uTbIBaeTCaA, 4TO 
ONOKMPYIOWMH MOKeT UIpaTb B OAHOM U3 JIBYX 
P@KHMOB BOeMOONbHOFO CeTa: MpOXOUT Bech 
Kpyr, HOO UrpaeT TOJIbKO y CETKH C 3AMeHOM Ha 
mm0epo. 

Ha oOcHoBe alpvopHou cTraTucTUKH (TadsuIa 3) 
YUUTbIBACTCA, UYTO TpaBMUpyrOTCA cJIesyrouMe 
WIpoBble 4acTH Tesla OOKUpyrOUlero: TOsIeHO- 
cron (i=1); mieuo (i=2); cuuHa (i=3); MalIbubl 
(i=4); pyKu (i=5); koneHu (i=6). DTU UrpoBEIe 
yacTu Tesla ONOKUMPYyroOllero (KaK CIOpTCMeHa TO] 
HOMepoM /j=1) ONMCaHbI MHO2KECTBOM: 

F={i=1, 2,...,6}. (16) 

IIpu Takom crocoOe pellleHua alIropuTM orpe- 
JeJICHHUA COCTOAHHA CHOpTCMeHa UM CHOCOOHOCTH 
IIposoKaTb OopbOy B OOMIeM BUe MpeyzcTaBIsA- 
HOT JIOrM4eCKOH MOJeIbIO — JIM3bIOHKTHBHO- 
KOHbBIOHKTHBHOUM MyHKIMen OT OysIeBbIxX apry- 
MCHTOB: 

y = ({VA}x > F(x), 
rye Jia Ucxoya J=/ 9TO ecTb PYHKIMA 
V1 = Fy (%4, X2,%3,X4,X5,%X6), (17) 
lipwuem Oysepa PyHKuua F; (.) M ecTb UCKOMOE 


pelieHHe 3aadH. 
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3.4. The solution to the problem by the ex- 
perimental method. This method of solution is 
an evolution of the previous method of interval 
analysis and is based on the recording of reactions 
and behaviour of an injured sportsman, who inde- 
pendently or together with his coacher declares 
about the refusal to play further. 

The objective of the method is to increase the 
accuracy and completeness of the analysis and the 
assessment of safety performance and injury. Let 
us consider the solution to the problem by method 
3 on the example of a blocker in the system 
player — court —- competitor — net". It is be- 
lieved that a sportsman is playing: a) the whole 
set; b) the entire game. We also take into account 
that a blocker can play in one of two modes of a 
volleyball set: the whole circle or only plays at 
the net, replacing a libero. 

Based on a priori statistics (table 3) we take in- 
to account that the following parts of the body of 
a blocker are injured: ankle (=1); shoulder (@=2); 
back G=3); fingers (=4); arms (i=5); knees (i=6). 
These playing parts of the body of a blocker (as a 
sportsman under the number j=1) are described 
by the set: 

f={i=1, 2,...,6}. (16) 

With this method the solution algorithm of de- 
termination of a sportsman condition and the abil- 
ity to continue the fight in general is represented 
by a logical model - a disjunctive-conjunctive 
function of Boolean arguments: 

y = (WVA}x > F(x), 


for the outcome where j=1 it is a function of 


Vy = Fy (%4,%X2,%3,%4,%5,X6), (17) 
moreover, a Boolean function F, (.) is the 


sought solution of the problem. 
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IIpumep pelieHus npukiaqHou 3aqaun. IIpu 
IIpOBeeHHH COpeBHOBaHHA OJIOKMPyIOMIMH 10- 
Ce€OBAaTeIbHO TOUY4WII TDW TpaBMBI X2, X7, Xo, 
IIpH4eM TWOCIeqHAA MpuBela K OTKa3y OT JaJib- 
Hele OopbObi. TpedOyerca onpeyenutTb anpu- 
OpHoe 3HaYeHHe BO3MO2XKHOCTHOM MepbI OTKA3a 
CIHOpTCMeHa OT JlasIbHeMeH OopbObI U ycTaHo- 
BUTb 3HaveHHe pacdeTHOH MOrpelliHocTH. 

Jia pelleHua 3aa4Hu MOCTpOuM JIOrM4ecKyrO 
MOJIeJIb OTKa34a CHOPTCMeHa OT JlaIbHenIlen 
OopbOni: 

VI=(X2VX])AX6. (18) 

IIpeoOpa3yeM B BO3MO2XKHOCTHY!O (opMy: 

Pos(y;=1)=min(max(m3, 11), 14). (19) 

U3 taOnuubt | BEIOMpaeM 3Ha4eHHA BO3MO%K- 
HOCTHBIX Mep TpaBM OOKUPyrolsero HU, MWOACTAaB- 
asd B POpMysly (19), Mosty4aem: 

I1,(1—-2-6)=min(max(1, 12), 1 )=min(max(0.11, 

0.21), 0.07)=0.07. 

TakuM 00pa30M, allpHopHoe 3HadeHve BO3MO%K- 
HOCTHOM MepbI paBHo 0.07, OoHaKO TIpu 9KCTIe- 
PHMeHTaAIbHOM cilocobe TouwyyeHO 3HadeHHe, 
papHoe 0.18. U3 nomwy4eHHbIx pe3yIbTaTOB cJle- 
yet, 4TO aOcouHOTHad MOrpelliHOCTb pacueta 
BO3MO2%KHOCTHOH Mepbl HaxOJMTCA B WHTepBasie 
3HaueHHH OT O no 0.11. CreqoBaTelbHO, Ha Oc- 
HOBaHHU OI[EHKH BO3MO2%KHOCTHOHM MepbI BbIXOa 
M3 CTpoad OJOKUMPyrOMlero BO BPeMA COPeBHOBa- 
HUM WIM TpeCHHpOBOK C MOMOIIbIO pacuéTHO- 
QIKCHeEPHMEHTAJIbHOrO CHOCOOa MOXeT OBITb 0- 
CTHIrHyTa HavOOlIbIad JOCTOBeEPHOCTh, 4TO I103- 
BOJIMT CHY3UTb MOCJICXYFOUIMN BO3MOXKHBIM PUCK. 
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An example of the applied problem solution. 
During the competition a blocker got consistently 
three injuries x2, xl, x6, and the latter led to the 
refusal to play further. It is required to determine 
an a priori value of a possibilistic measure of the 
refusal of a sportsman to play further and deter- 
mine the value of the estimated error. 

To solve the problem we will construct a logi- 
cal model of the refusal of a sportsman to play 
further: 

VI=(X2VX1)AX6. (18) 

Let us convert it to a possibilistic form: 

Pos(y;=1)=min(max(13, 11), 14). (19) 

From table 1 we choose the values of possibil- 
istic measures of a blocker’s injuries and by sub- 
stituting them in formula (19), we get: 

IT, 1-2-6)=min(max(1, 11), 
1 )=min(max(0.11, 0.21), 0.07)=0.07. 

Thus, the a priori value of possibilistic measure 
is equal to 0.07, however, by the experimental 
method, we have obtained a value of 0.18. From 
the obtained results follows that the absolute error 
of calculation of possibilistic measures is in the 
range of values from 0 to 0.11. Therefore, based 
on the evaluation of possibilistic measure of the 
refusal of a blocker during competition or training 
by using the experimental method we can achieve 
the greatest accuracy, which will reduce future 


risk. 
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